The presence of a ras protein was demonstrated in cleaving axolotl eggs by selective immunoprecipitation with a polyclonal antibody against a peptide encoded by the c-Ha-ras oncogene, cellular homolog of the v-Ha-ras oncogene of Harvey rat sarcoma virus. Injection of this antibody into axolotl oocytes subjected to progesterone treatment does not prevent meiotic maturation. Injection ofthe same antibody into a blastomere of axolotl eggs at the 2-or 4-cell stage causes cleavage arrest in the descendants of the injected blastomere. affinity-purified sheep polyclonal antibody to a c-Ha-ras-specific peptide. To check its specificity, we compared cells from clone 9-3 of normal rat epithelium with those of clone 9-3 T1 of the same cells, but transfected Abbreviations: v-Ha-ras, ras oncogene of Harvey rat sarcoma virus; MPF, maturation-promoting factor. *To whom reprint requests should be addressed.
prevent meiotic maturation. Injection ofthe same antibody into a blastomere of axolotl eggs at the 2-or 4-cell stage causes cleavage arrest in the descendants of the injected blastomere. Cytological observations of the injected eggs show, in the arrested blastomeres, enlarged nuclei always surrounded by an intact nuclear envelope and containing uncondensed chromatin. The possible role of ras protein in meiosis and mitosis is discussed.
The physiological role of the cellular oncogenes (protooncogenes) in normal cells is still poorly known (1, 2) . It is generally believed that they control cell proliferation, but some of the cellular oncogenes also affect cell differentiation (1) ; it has even-been suggested that "oncogenes seem to be largely concerned with general metabolic processes as much as (if not more) growth regulation per se" (2) .
Among the best studied cellular oncogenes is the c-ras family, first discovered as the viral oncogenes (v-Ha-ras and v-Ki-ras) of the Harvey and Kirsten rat sarcoma viruses. The c-ras genes encode a 21-kDa protein (p21) that has been highly conserved in evolution. It is located on the cytoplasmic side of the plasma membrane and has the property of binding and hydrolyzing GTP. There are close similarities between the p21 ras proteins and the signal-transducing G proteins involved in adenylate cyclase regulation (3) ; this suggests that p21 ras might control cell proliferation via the cAMP content. However, it has been reported that p21 ras proteins, like the G proteins, interact with phospholipase C; thus, they could modify the levels of phosphatidylinositol 4,5-bisphosphate and its catabolites (4); this might lead to changes in protein kinase C activity and in free Ca2+ content, two important events for triggering DNA replication and cell division.
The expression of one of the ras genes (c-Ki-ras) is correlated with the cell cycle, with a peak in mid-to-late Go/G1 (5) . More direct evidence for a role of the ras genes in cell proliferation comes from experiments in which a p21 ras protein or an antibody against it was injected into proliferating mammalian cells: injection of a monoclonal antibody against p21 ras prevents stimulation of DNA synthesis after serum addition (6, 7) . Microinjection of the oncogene form (HRAS) of the human c-Ha-ras protein quickly induces the proliferation of quiescent cells (8) . These findings strongly suggest that the ras proteins play a critical role, shortly before DNA synthesis, in the control of cell division.
The possible role of ras genes in the maturation (progression of meiosis) ofXenopus laevis oocytes has been recently studied. Injection of either normal or transforming human ras protein can induce meiosis in recipient oocytes; adenylate cyclase is not involved in this maturation process (9) in contrast with progesterone-induced maturation (10) . It has also been reported that injection of monoclonal anti-p21 ras antibodies (Y 13-259 and 6B7) prevents insulin-induced but not progesterone-induced maturation; these antibodies bind to a 25-kDa protein of Xenopus oocytes (11, 12) . However, injection of another monoclonal antibody (Y 13-238) against ras p21 into Xenopus oocytes accelerates progesteroneinduced maturation, and there is a correlation between acceleration ofmaturation and inhibition ofadenylate cyclase (13) (17) . Normal and transformed cells (a kind gift of L. Vanhamme) were homogenized at 40C in 10 mM sodium phosphate, pH 7.4/5 mM EDTA/100 mM NaCI/0.2 mM phenylmethylsulfonyl fluoride/15 units of aprotinin per ml/0. 1% NaDodSO4/ 0.5% sodium deoxycholate at a density of 107 cells per ml of buffer. The homogenate was treated for 20 min with DNase at 0.2 mg/ml and centrifuged for 5 min at 10,000 x g. The specificity tests are described in Results.
Treatment of Axolotl Oocytes and Eggs. Oocytes were manually isolated with watchmaker's forceps and kept in MBS-H medium (18) . Meiotic maturation was obtained by treating the oocytes with progesterone at 10 pkg/ml as described (19) . Fertilized eggs were obtained by natural spawning. The jelly was removed with watchmaker's forceps, and the eggs were kept in Niu and Twitty medium (20) . Oocytes and eggs were microinjected in their vegetal half with either nonspecific sheep IgG (as controls) or the A 1025 antibody at 200 /Lg/ml. The injected volumes are indicated in Results. For cytological studies, the eggs were fixed in Zenker's fluid (5% K2CrO7/70% HgCl2/5% acetic acid), and alternate 10-,um paraffin sections were stained with Unna's stain (methyl green and pyronine) and the Feulgen reaction.
Immunoprecipitation of Embryonic Extracts. Groups of 10 cleaving axolotl eggs were homogenized at 4°C in 1 ml of 10 mM Tris (pH 7.4)/50 mM NaCI/1 mM EDTA/0.15 unit of aprotinin per ml/0.5% Na deoxycholate/0.5% Nonidet P-40; homogenates were centrifuged during 15 min at 500 x g, and the supernatants were treated overnight at 4°C with 13 ,g of either sheep IgG (controls) or A 1025 antibody. Janssen rabbit precipitating antiserum (12 ,ug) against sheep was then added for 2.5 hr at 37°C. Control Mr 22 ,000 present in extracts of the c-Ha-ras-transformed 9-3 T1 cells (Fig. 1, lane B) ; it is known that these cells express the c-Ha-ras gene at a high level (17) . In contrast, no band was detectable in the same region of the immunoblots with extracts from normal, not transformed 9-3 cells (Fig. 1, lane  A) . Thus, the A 1025 antibody specifically reacts with the p21 product of the c-Ha-ras gene.
Axolotl not detectable in homogenates treated as controls with sheep IgG (Fig. 1, lane C) instead of A 1025 antibody (Fig. 1, lane  D) . A member of the p21 ras family is thus present in axolotl eggs; it can be selectively immunoprecipitated by the A 1025 antibody. Injection of this antibody into axolotl eggs should be expected to specifically neutralize this ras-encoded protein.
Injection of the A 1025 Antibody in Axolotl Oocytes: Effects on Maturation. Axolotl oocytes were injected with 250 nl of either phosphate-buffered saline or of the same amount of solution containing 50 ng of A 1025 antibody and then treated with progesterone. Maturation is slow in these large oocytes (19) , but maturation spots were clearly visible after 20 hr of progesterone stimulation in 80% of the oocytes; there was no significant difference in this respect between control and antibody-injected oocytes.
Injection of the A 1025 Antibody into Axolotl Eggs at the 2-to 4-Cell Stages: Effects on Cleavage. An injection of 16-30 ng of either sheep IgG or antibody A 1025 was done into the vegetal half of one of the first two blastomeres of axolotl eggs. Cell divisions slowed down within a few hours after the injection of the anti-p21 antibody. The delay in cleavage did not affect all of the descendants of the injected blastomere and was most significant in the vicinity of the injection site (marked by a small exovate). After 24 hours, all embryos, either IgG-or A 1025 antibody-injected, had reached an advanced blastula stage, but the anti-p21 antibody-injected embryos always presented, surrounded by small late blastula cells, an islet of large cells comparable in size to those of late morulae or early blastulae (Fig. 2) . According to the dorsal or ventral location ofthe arrested cells, the embryos may or may not begin gastrulation-for instance, Fig. 3 shows a case where the cells of the presumptive chordomesoderm were normal and began to invaginate, while the large cells deriving from the injected blastomere were unable to do so.
There was a clear dose effect in the range of the antibody concentrations used in this study (16- (Figs. 3 and 4) . The nuclei of the arrested cells were greatly enlarged, almost spherical and always surrounded by an intact nuclear envelope; they contained slender chromosomes, reminiscent of the lampbrush chromosomes of oocytes. Obviously, chromatin condensation and nuclear membrane breakdown no longer took place in the enlarged nuclei; small, spherical, moderately basophilic nucleoli were often seen in them. Occasionally asters were present; if so, the chromosomes were oriented in parallel rows between the asters; but even in such cases, the chromosomes did not condense and the nuclear membrane remained intact. A few multinucleated cells, resulting probably from failure of anaphase chromosomes to fuse, were observed. The cytoplasm of the large blocked cells often contained an excess of pigment. full-grown oocytes and cleaving eggs. After the midblastula transition, myc RNA is partially degraded and remains constant until hatching (23, 24) . It was concluded that "there is an uncoupling of myc expression and cell proliferation" (23) and that "the function of the c-myc gene in the cell cycle may not be implicated directly in sustaining DNA synthesis or mitosis" (24) .
DISCUSSION
Injection of the A 1025 antibody into axolotl oocytes does not prevent progesterone-induced maturation. Similar results were obtained with other anti-p21 antibodies in Xenopus oocytes (11) (12) (13) . It is not yet known whether antibodies to the ras gene product inhibit insulin-induced maturation in Ambystoma as in Xenopus (11, 12) . Why antibodies against p21 ras proteins in Xenopus inhibit insulin but not progesteroneinduced maturation is not clear; however, this fact again shows that the pathways that lead to the appearance of the maturation-promoting factor (MPF) responsible for the breakdown ofthe germinal vesicle membrane and the condensation of the lampbrush chromosomes are different when oocytes are stimulated by progesterone (a steroid) or insulin (a protein). Ras proteins, which are located in the plasma membrane, might possibly play a role in transmembrane signal transduction in the case of insulin stimulation but not in the case of progesterone stimulation. There is evidence that adenylate cyclase is involved in progesterone-induced maturation (10, 25) , whereas tyrosine kinase activity of the insulin receptor (26) and protein kinase C might be important in mediating insulin-induced germinal vesicle breakdown.
Injection ofthe A 1025 antibody into one ofthe blastomeres of the 2-or 4-cell-stage axolotl eggs always inhibits, after a few hours, cleavage divisions in the descendants of the injected blastomere. This inhibition is specific to the anti-p21 ras antibody because there is no cleavage inhibition after injection of the same amounts of sheep IgG. In culture of somatic cells, injection of ras proteins stimulates the proliferation of quiescent cells (8) , whereas injection of an anti-p21 ras antibody prevents entry in S phase after serum addition (6) . This has led to the hypothesis that the products of the ras genes are required for DNA replication. (Figs. 2-4) . The injected blastomere is unable to undergo the blastula transition, in contrast to the descendants of the uninjected blastomere. The difference in size between the two kinds of cells is obvious, and there is no transition between the large and the small cells, suggesting that the antibody does not diffuse from cell to cell. In the cleavage-arrested cells, the size of the nuclei is proportional to that of the blastomere: this increase in nuclear volume tends to restore a normal nucleocytoplasmic ratio and probably is due to an uptake of cytoplasmic proteins by the nuclei; it certainly does not result from polyploidy, since the Feulgen reaction is weak in the arrested nuclei.
These nuclei are always surrounded by an intact nuclear membrane and contain finely dispersed chromatin or slender chromosomes. This suggests that the arrested cells lack 506 Developmental Biology: Baltus et al.
MPF, which is present and exhibits a cyclical behavior during cleavage in amphibian eggs (27) . We unfortunately know nothing of the biochemical steps that lead to the cyclic MPF appearance and disappearance during amphibian egg cleavage, and we know very little about the chemical nature of MPF itself. It is useless to speculate in our present state of knowledge. All one can suggest is that p21 ras proteins are involved in MPF formation during cleavage and in insulininduced maturation. Since DNA replication and cell division do not require external stimuli during egg cleavage, it does not seem very likely that the ras proteins are involved in transmembrane signal transduction during cleavage divisions (in contrast to hormone-induced maturation and to stimulation of proliferation in cultured cells by growth factors).
It is now clear that p21 ras proteins are involved in two fundamental processes, meiosis and mitosis. Further work should show whether they control the same metabolic pathway (for instance, protein kinase C activation and Ca2l release) or distinct pathways in both kinds of division.
